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Abstract An arguable aspect of the modified gravity theories is that many of them 
present the so-called degeneracy problem. For instance, the cosmological evolution, 
gravitational collapse and the main features of standard black-hole configurations, 
can be mimicked by many of those theories. In this communication we revise briefly 
the appropriate observable quantities to be measured in order to discard alternative 
theories to ACDM, such as the observed growth of scalar perturbations with Sloan 
data and the CMB tensor perturbations evolution. 



1 Introduction 

Modified gravity HI has been shown to be able to mimic both the dark energy (DE) 
and the inflationary eras 01 . However the use of large scale observations, such as la 
type supernova, baryon acoustic oscillations, or the cosmic microwave background 
(CMB), which only depend upon the expansion history of the Universe is not enough 
to determine uniquely the nature and the origin of DE. Let us rephrase the argu- 
ment: identical cosmological background evolutions can be explained by a pleiad of 
theories. This is the so-called degeneracy problem, whose breaking requires mea- 
surements not only sensitive to the cosmological expansion but, for instance, the 
evolution of scalar perturbations [3], the stability of cosmological solutions when 
subjected to small perturbations ||6] and the existence of General Relativity (GR)- 
predicted astrophysical objects such as black holes I?]. Finally, the study of CMB 
tensor perturbations may also shed some light about the viability of modified gravity 
theories |l8l|9l[l0l[II][IIl[l3]. 

In this realm, the simplest and in fact the most studied modification of the Hilbert- 
Einstein action is generalized to a general function of the Ricci scalar R, dubbed 
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/(/?) gravity theories lfT4l - |fT5l whose action can be written as i 
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/ 
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(1) 



where the symbols hold their usual meanings. In addition to reproducing the entire 
cosmological history |[T6l and despite some shortcomings fTSl, these theories may 
behave quite well on local scales, where the GR limit must be recovered ||T8|. As for 
any alternative theory of gravity, in f{R) theories, the density contrast evolution, the 
CMB perturbations and the backxeaction mechanism flTj, if the latter is assumed to 
be true, need to be studied in order to unveil the potential distinct features of these 
scenarios. In the present investigation we sketch the main features and steps to study 
the two first issues in f{R) theories. 



2 Scalar perturbations in f{R) theories 

The density contrast evolution for f{R) theories obeys a fourth-order differential 
equation [4|. The resulting equation for the density contrast 5 can be written as 
follows: 



i34,/5'- + j33,/5'" + {a2.EH + li2j)8" + (ai,£H + j3i,/)5' + {oo.EH + Md - 

(2) 



where the coefficients j3,,/ (/ = 1 , ••-,4) involve terms that disappear for f{R) func- 
tions Unear in R (i.e., GR) whereas ai,EH (i = 0,1,2) involve the linear part in R of 
f{R). Thus, the quasi-static limit {k» of Q becomes gl 



Contrarily to its counterpart for ACDM, the coefficients in ^ depend both upon 
the model under consideration and the wavenumber k. This fact gives rise to k- 
dependent transfer functions that may alter dramatically the matter power spectra 
Pll5] [T9ll . Available data 1201 using luminous red galaxies in the Sloan Digital Sky 
Survey (SDSS) were able to measure the large-scale real-space power spectrum. 
These measurements were used to sharpen the constraints on cosmological parame- 
ters II2TI and may be straightforwardly compared with the predictions made by grav- 
ity theories ||5]|22l- Very recently a full study for the R" models |fT9| have stressed 
the importance of the initial conditions in the perturbed equations which determine 
the evolution of the transfer function. Consequently, this method provides an excel- 
lent arena to impose tight constraints for modified gravity models that are claimed 
to be valid once compared with existing and future data ||231 . 



5" + Jif5' + 



(1 +fRf,J^H^l + Ki){2Ki - K2} - ^f^^{K2-2)k'S7tGpoa^ 
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3 CMB perturbations in f{R) theories 
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The study of the CMB tensor perturbations in modified gravity theories has not re- 
ceived much interest in comparison with the scalar counterpart. This fact has laid in 
the difficulty of obtaining the required tensor perturbed equations which are in gen- 
eral of higher order An alternative route in order to circumvent this difficulty con- 
sists of tackling the problem by using the simulations performed by several codes 
available such as CAMB 1241 based upon modifications of CMBFast 1251 . 

Different attempts were made for several modified gravity scenarios IfTOl but 
most of the attention was devoted to the study of the tensor perturbations evolu- 
tion in the brane-world theories context ifTTIITZl . Finally, with regard to f{R) fourth 
order gravity theories, the only attempts to encapsulate the main features of ten- 
sor perturbation were made in llTSi and more recently in [jS] . The authors of the 
first investigation analyzed the tensor perturbations of flat thick domain wall branes 
in f{R) gravity. They showed that under the transverse and traceless gauge, the 
metric perturbations decouple from the perturbation of the background scalar field 
which generates the brane. Authors in ||8]|9] addressed for the first time in literature 
the tensor perturbations full calculations for the f{R) gravity theories in the met- 
ric formalism and Jordan frame. These general results were applied to R" models 
for different values of n describing the features that may distinguish those models 
from Concordance model predictions. This implementation proved the importance 
of considering the correct background when alternative theories of gravity are sub- 
jected to this kind of analyses since a relevant contribution to the cj^ and cf^ CMB 
coefficients comes from the background implementation. 

Thus, exclusions tests for f{R) models can be performed since data for cj^ are 
already available from WMAP ||261 once the scalar contribution are also included. 
With respect to cf^ once Planck l27l measurements are ready, some data may be 
compared with theoretical predictions. 
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